Introduction to the Issue on Signal Processing and Networking for
Dynamic Spectrum Access T HE paradox between the overly crowded spectrum and the pervasiveness of idle frequency bands in both time and space highlights the drawbacks of the current static spectrum allotment policy. The perceived spectrum scarcity is largely due to poor spectrum management policies rather than due to the actual physical scarcity of bandwidth. Much of the spectrum is allocated to licensed users, but there is a growing proliferation of services leading to ever-increasing, but sporadic, demand. Due to the burstiness of demand, guard bands in space and idle frequency bands are inevitable under the current static spectrum allocation policies.
Recently, we have witnessed a flurry of research activities in search of dynamic spectrum access (DSA) strategies for improved efficiency. This research is multi-disciplinary and spans the engineering, economics and regulatory communities. Ideas of cognitive radio (CR) are also integral to much of this research. DARPA was one of the early proponents of such research under its XG program. XG sought to develop spectrum management policies and technologies for DSA, based on the notions of realtime, low-power, wideband sensing, rapid channel characterization, and opportunity determination by a policy reasoner. XG concepts are being incorporated in subsequent DARPA programs such as WNAN and WAND. NSF recently launched the Programmable Wireless Networks (ProWiN) program to address basic issues in spectrum agile radios and networks. Research in Europe has been supported under the Research Framework and the DRiVE program. Standardization efforts are underway under the IEEE 802.22 umbrella. Regulatory agencies in the U.S. (e.g., the FCC), the European Union, and elsewhere are in the process of redefining spectrum policies. There have also been several conferences and workshops devoted to DSA and CR (e.g., DySpan, CrownCom, IEEE Workshop on Cognitive Radio Networks).
The basic idea underlying DSA is that if spectrum usage can be dynamically monitored, and if short-term predictions of spectrum usage can be made, then resources can be dynamically allocated or accessed, resulting in more efficient usage. Approaches envisioned for DSA fall under three general models: dynamic exclusive use, open sharing (or spectrum commons), and a hybrid hierarchical access scheme.
To realize the potential of DSA, advances in signal processing, communications and networking are crucial. DSA leads to new challenges in both theory and design in multiple areas: coexistence of primary and secondary users, (distributed or cooperative) spectrum sensing, spectrum management and resource allocation, appropriate PHY, MAC and routing proDigital Object Identifier 10.1109/JSTSP.2008.917511 tocols, security issues, and cooperative monitoring to enforce policy. In the last few years, the importance of the PHY layer in wireless communications has become apparent. This is also true in DSA, where novel PHY technologies are expected to play a crucial role.
This issue covers diverse ideas and approaches envisioned for DSA. The underlying theme is to explore the role of signal processing in dynamic spectrum access and to illuminate the close interaction between signal processing and networking for spectrum efficiency.
We have grouped the eight papers in this issue into three broad categories: spectrum sensing, spectrum management, and fundamental capacity limits.
The first part on spectrum sensing consists of three papers, progressing from single sensor detection to cooperative detection.
The paper by Tandra and Sahai addresses the problem of robust detection of weak primary users. It is argued that due to inherent system limitations in accurately estimating the underlying noise statistics, there exist SNR walls that limit detection performance: a primary signal below the SNR wall cannot be robustly detected by a secondary. A robustness versus capacity tradeoff is identified to capture the underlying tension.
How can secondary users cooperate to find spectrum holes? How should the individual sensors set their thresholds so as to maximize a system-wide metric? How should the fusion rule take into account the correlation in the signal sensed at the different radios? These are some of the questions answered in the paper by Unnikrishnan and Veeravalli.
The paper by Quan, Cui, and Sayed proposes strategies for reliable detection of primary signals by linearly fusing measurements from a network of spectrum sensors. The determination of the optimal linear combining weights is posed as a non-linear optimization problem, and iterative algorithms are proposed.
In the paper by Ghasemi and Sousa, the distribution of the aggregated interference at a primary receiver from a network of Possion distributed secondary transmitters is obtained. The impact of fading, detector sensitivity, and cooperative sensing on this distribution is studied.
The second part of the paper consists of two papers on spectrum management.
Given a system-wide metric (e.g., weighted sum-rate), and given channel conditions, how should users be allocated power spectral densities, subject to power constraints? These are some of the questions addressed in the paper by Luo and Zhang. They show that this set of problems is generally NP-hard, and identify a subclass that has polynomial complexity.
The paper by Wang Krunz, and Cui considers a related spectrum management problem. A distributed protocol based 1932-4553/$25.00 © 2008 IEEE on ideas from economics (pricing and game theory) is given and shown to offer improved performance relative to existing algorithms.
The third part of this issue consists of two papers that provide information-theoretic perspectives.
The paper by Zhang and Liang considers the problem of allocating power across multiple antennas by a secondary system that must satisfy certain constraints on the interference power at the primary users.
The paper by Sridharan and Vishwanath establishes an achievable region and outer bounds for a system for a system where both the primary and secondary user may have multiple antennas.
The call for papers for this issue elicited many submissions. Each paper was carefully reviewed by at least three reviewers. In the end, many quality papers could not be included, based on relevance to this issue, and balance of topics covered. We would like to thank all the authors who submitted to this issue and we also thank the reviewers for their constructive and critical comments and insights. We hope that this special issue has captured some of the excitement at the frontiers of this growing and evolving area. Dr. Tarokh has received a number of major awards and holds two honorary degrees. 
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